Objective To assess models of care and conduct a meta-analysis of program outcomes for children receiving intensive, multidisciplinary intervention for pediatric feeding disorders.
reprimand and then understandably remove food and end the meal. Consequently, the child learns to avoid food by engaging in disruptive behaviors. 1 As a result, meals increasingly involve little or no consumption, and a vicious cycle takes hold. Limited exposure to food circumvents key sensory, developmental, physiological, and social processes associated with eating, which further erodes an already fragile parent-child mealtime relationship. Without intervention, this cycle leads to continued refusal, inadequate nutrition, and the need for artificial supports (eg, tube feeding) to support growth. 1 Expert consensus increasingly recognizes intensive multidisciplinary intervention at day hospital programs and inpatient settings as the standard of care for children with complex feeding problems. 1, 3 This level of support allows monitoring for potential complications (eg, aspiration, severe weight loss, and/or allergic reactions) associated with the introduction of new food types and textures, advancement of oral volumes, and reduction of enteral nutrition among children with little or no experience eating. Previous reviews consistently report positive effects associated with multidisciplinary intervention. 1, 3, 6 The evidence base, however, primarily involves single-case research and nonrandomized studies (NRS) with few randomized controlled trials (RCTs). Lukens and Silverman 3 identified 13 studies (11 NRS and 2 RCTs) published during a 15-year period (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . Ten of the 13 studies involved multidisciplinary treatment at day treatment or inpatient hospital programs; all reported positive outcomes associated with intervention. Support for intensive intervention, however, was derived solely from NRS.
Despite provisional support for the treatment of feeding disorders at inpatient and day treatment programs, important questions remain regarding this method of treatment delivery. Notably, previous reviews focus on behavioral 1 and/or psychological intervention 3 for ARFID implemented in a range of settings (eg, outpatient, inpatient) spanning various therapeutic approaches (eg, parent education groups, therapistdirected protocols). Research, however, has yet to exclusively examine intensive multidisciplinary intervention. The current review sought to survey the medical literature regarding treatment of pediatric feeding disorders at inpatient and day treatment programs, summarize treatment models and outcome measures, and evaluate the evidence with the use of both descriptive and meta-analytic procedures.
Methods
Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement, we searched Medline, PsychINFO, and PubMed (January 2000 and December 2015) and conducted ancestral and online searches in peer-reviewed, Englishlanguage journals for eligible studies, cross-checking search results and removing overlapping citations. The search parameters (Table I ; available at www.jpeds.com) included combinations of key words regarding the patient population (eg, "feeding disorder,""failure to thrive") paired systematically with possible indicators of the treatment approach/setting (eg, "multidisciplinary treatment," "tube weaning"). In addition, we reviewed references from identified articles and previous systematic reviews. 1, 3 Selection criteria required articles meet the following criteria: the sample involved a pediatric population (birth to 18 years of age) with ARFID, as evidenced by dependence on enteral feeding or oral nutritional formula supplementation; the study evaluated multidisciplinary intervention at a day treatment or inpatient hospital setting on a group level (vs case report); intervention primarily targeted improving the volume of solid food intake vs concerns regarding dietary variety (ie, food selectivity); and the study presented pre/postintervention data on food consumption (eg, grams consumed, use of feeding tube), feeding behavior (eg, acceptance of food), and/or growth status either descriptively (eg, frequencies, percentages) or statistically (eg, P values, t scores). Given the recognized lack of RCTs in the field, 1, 3 we included NRS and RCTs to examine group effects over time. Finally, this review excluded studies that investigated the treatment of eating disorders (eg, anorexia nervosa, bulimia nervosa), which involve a different etiology and treatment approach. 4 Two authors (W.S., V.V.) independently searched the literature, reviewed and screened potential articles, and reached consensus on final inclusion (Figure 1 ; available at www.jpeds.com).
Data Extraction, Variables Coded, and Reliability
Data extraction involved a standardized protocol to code eligible studies (available on request). Variables captured during this process included study descriptors (eg, experimental design, treatment setting), patient demographic variables (eg, sample size, age, sex), treatment approach (eg, duration, disciplines involved), outcomes measures, and summary of findings. The research team independently double-coded all data extracted during the review process. The double-entered data allowed for the calculation of percent agreement. Coder agreement was 89% (range 80%-99%), exceeding the 80% acceptable standard of agreement recommended during quantitative synthesis of research. 1 To further ensure the accuracy, we reached consensus on all areas of discrepancy highlighted during the inter-rater analysis.
Data Analyses
We first analyzed extracted data on a descriptive level, summarizing patient characteristics, treatment techniques, contributing disciplines, and reported outcomes. This level of data analysis involved summary statistics (percentages, means) to identify commonalities and differences in approach to care and outcomes. We then calculated effect sizes (ES) for outcome variables reported in at least 6 studies according to standards for systematic reviews. 10, 11 For these calculations, we used means (SDs) or frequency (percentages), as appropriate. When summary statistics were not available, we attempted to contact the corresponding authors via e-mail. The primary goal of the meta-analysis was to determine the omnibus impact of intervention. Given the preponderance of NRS, the analysis focused on the magnitude of pre/postchange associated with intervention. As a result, we only analyzed reported changes for children exposed to intervention for RCTs. The small number of Volume 181 • February 2017 studies precluded analysis of potential moderators (eg, age, sex, diagnosis, number of treatment elements).
We entered and analyzed data using Comprehensive MetaAnalysis v3 (Biostat, Englewood, New Jersey). Because of the heterogeneity in the reported outcomes (Cochran Q = 52.1 and 32.8; P < .001 for discharge and follow-up, respectively), we used random effects models to estimate the overall ES. We conducted a sensitivity analysis by repeatedly calculating the overall ES with one study omitted per iteration and comparing the results with the overall study effect. The threat of publication bias used Duval and Tweedie's trim-and-fill method. This nonparametric method estimates the number of "missing" studies in a meta-analysis and then determines the effect these missing studies would have had on the outcome. If the added studies significantly change the result, then publication bias is possible. We also calculated the fail-safe N, which estimates whether nonsignificant missing studies would nullify the observed effect. The risk of bias and methodological quality also considered the limitations of the contributing studies. For NRS, we developed a checklist system based on established guidelines for conducting retrospective chart reviews 12 informed by the Strengthening the Reporting of Observational Studies in Epidemiology recommendations for cohort studies (Table II; available at www.jpeds.com). [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] RCTs were evaluated with the Cochrane risk of bias assessment tool. 23 
Results
The search yielded 11 articles from a pool of 2436 studies (Figure 1 ). Of these 11 studies, 2 were RCTs and 9 involved NRS (Table III) . [13] [14] [15] [16] [17] [18] [19] [20] [21] 24, 25 Eight studies occurred at treatment programs in the US, 2 from a program in the Netherlands, and 1 from Austria. Collectively, these studies included 593 children (age range 15.7-48 months; 314 boys and 279 girls). The majority of children (n = 535; 90.2%) were receiving treatment for feeding tube dependence. Two studies included a total of 22 children (3.7% of the sample) who relied on liquid formula to meet nutritional needs. 17, 25 The remaining 36 subjects had various feeding problems but were not tube or formula dependent. 15, 17 All studies reported a high frequency of cooccurring medical problems such as gastroesophageal reflux, failure to thrive, and other unspecified GI concerns (eg, "disease of the gut," 20 "GI abnormality" 13, 17 ).
Treatment Setting and Approach to Intervention
Eight studies delivered treatment during inpatient hospitalization, and 4 studies involved day treatment programs, with Greer et al studying both inpatient and day treatment programs (Table IV) . [13] [14] [15] [16] [17] [18] [19] [20] [21] 24, 25 In both settings, treatment involved multiple therapeutic meals per day overseen by a multidisciplinary professional team. All programs included psychologists, physicians (ie, general pediatrician or pediatric gastroenterologist), and nutritionists. Nine studies also involved speech-language pathologists, 6 included nurses, and 6 involved occupational therapists. Behavioral interventionwhich included positive reinforcement of appropriate mealtime behaviors, bite persistence (aka, contingency contacting, escape extinction), and/or stimulus fading-represented the most common treatment approach. Three studies [15] [16] [17] involved behavioral intervention and oral-motor therapy. Descriptions of oral-motor exercises included activities aimed at decreasing tactile hypersensitivity 16 and/or increasing the range, strength, and control of the lips, cheeks, jaw, and tongue. 13, 15 Nutritionists most often calculated energy needs, 18 monitored hydration, and tracked advances in oral intake to adjust tube feeds. 16 Physicians monitored vitals 14 and/or managed chronic (eg, reflux, constipation) and acute illness. 13 Six studies reported on tube weaning, also called "hunger provocation" or "appetite manipulation." In this approach, tube feeds are reduced below recommended daily needs to promote hunger. Of the 6 studies, 2 studies 14, 19 combined behavioral intervention with tube weaning. Brown et al 13 combined behavioral intervention, tube weaning, nutrition education, and oral-motor exercises. Three studies 18, 20, 24 identified tube weaning as the primary mechanism of action. Trabi et al 20 combined tube weaning with psychoanalytically oriented play therapy during meals, nutritional counseling, and oral-motor therapy (eg, tactile stimulation). The authors also described meals as unstructured, prohibiting the use of behavioral approaches (eg, bite persistence). The tube-weaning model described by Kindermann et al 18 and Hartdorff et al 24 cited use of some behavioral techniques (ie, positive reinforcement) while concurrently emphasizing oral feeding was "not forced."
The 6 descriptions of tube weaning all involved an initial restriction at admission followed by subsequent reductions. In Trabi et al, 20 tube feeding was reduced by 40% on the first day of admission, 60% on day 2, and discontinued entirely at the end of the first week. Brown et al 13 reported average reduction of 73% on day 1, with further reductions reported during the hospital stay. Kinderman et al 18 and Hartdorff et al 24 reduced tube feeding to 50% by day 2 and eliminated tube feeding by day 8. Byars et al 14 restricted tube feeding by more than 50% at the onset of treatment with further reduction as oral intake improved. Silverman et al 19 noted supplemental feeding was discontinued or significantly reduced during the admission. Five of the 6 studies also cited precautionary medical monitoring during tube weaning (eg, monitoring hydration status, access to fluids as needed, daily assessment of weight). 13, 14, 18, 19, 24 All studies involved caregivers in treatment, although the specificity of participation and training procedures varied. The 8 studies that used behavioral intervention reported formal caregiver training procedures to promote generalization into the home setting. This most often involved a sequential process during which caregivers first observed intervention in an adjacent observation room or by closed-circuit video, followed by the transition of caregivers into meals under the guidance of a feeding therapist. [13] [14] [15] [16] 19, 21 No study, however, provided specific data on caregivers' acceptance, mastery, and adoption of treatment strategies. The 3 descriptions of tube-weaning interventions without behavioral intervention 18, 20, 24 provided less specificity regarding parent training procedures. Kinderman et al 18 20 indicated that parents were "strictly told not to feed their child" but also noted that the team supported caregivers in their feeding activities and attempts.
Approach to Measurement
Across studies, the number and definition of outcome measures varied (Table V; available at www.jpeds.com).
13-21,24,25 All 11 studies presented data reflecting changes in oral consumption. Of these, 8 reported the percentage of patients weaned from enteral feeds, 6 reported the percentage of calories received by oral vs enteral feeds, and 4 reported on the volume of food consumed (eg, grams, kcal). All but one study 21 assessed changes in anthropometric parameters, with outcomes including weight (kg), percentage of ideal body weight, and body mass index (BMI). Three studies involved direct observation of mealtime performance, which included tracking bite acceptance, mouth clean (ie, a proxy measure for swallowing), and disruptive behaviors (eg, pushing away the spoon). Greer et al 17 and Silverman et al 19 assessed mealtime difficulties and caregiver stress using parent-rated questionnaires. Sharp et al 25 included a post-treatment satisfaction questionnaire. Nine studies included post-treatment follow-up data (range 1-24 months; mean 9 months). 18, 24, 25 reported resumption of tube feeding in some patients. Six studies reported improvement in oral consumption during meals, ranging from 38% to 100% (74.5 [21.5] ) following intervention. Three studies 13, 14, 19 reported continued improvements in oral intake at follow-up; Kinderman et al 18 and Hartdorff et al 24 reported a slight decline. The 4 studies reporting on calories (kcal) or grams indicated significant improvements in the volume of food consumed. Four studies 15, 17, 24, 25 that included behavioral intervention without tube weaning reported stabilization or improvement in weight. The 6 studies that involved tube weaning as a primary treatment component reported weight loss at discharge. Of these, 4 reported on the percentage of weight loss, which ranged from 4% to 9.2%; Brown et al 13 reported a slight decline in BMI z score, and Byars et al 14 noted a decline in percentage of ideal body weight. Byars et al, 14 Kindermann et al, 18 and Hartdorff et al 24 reported an increase in weight (kg) at follow-up. Byars et al, 14 however, also reported a continued decline in the percentage of ideal body weight. Kindermann et al 18 and Hartdorff et al 24 did not report on growth trajectory over time. Brown et al 13 reported a continued decline in BMI at follow-up. The 3 studies 15, 17, 25 that included direct observation reported significant improvements in bite acceptance and swallowing, as well as decreased disruptive behaviors. Greer et al 17 and Silverman et al 19 reported reduced caregiver stress following intervention. Both studies also reported improvements in mealtime interactions based on parent-rated questionnaires.
Summary of Treatment Outcomes

Overall Estimate of ES
The percentage of patients weaned from enteral feeds was the only variable that met the 6-study threshold. Each of the 9 qualifying studies reported that all participants were 100% tube dependent before treatment. We, therefore, calculated ES based on the proportion of patients weaned successfully from tube feeding at discharge and last follow-up. Eight of the 9 possible contributing articles provided sufficient data to contribute to ES estimates at discharge; 7 permitted ES estimation to post-treatment follow-up. The overall ES for percentage of patients weaned from tube feeding was 71% (95% CI 54%-83%), with 6 of the 8 studies reporting a success rate of 50% or more patients weaned from tube feeding (Figure 2, A) . On the basis of sensitivity analysis, no one study was overly influential to the ES (range 68%-75%). At last follow-up, all 7 studies reported 50% or more patients were weaned from tube feeding. The overall ES for percentage of patients weaned from tube feeding at last follow-up was 80% (95% CI 66%-89%; Figure 2 , B). Here again, sensitivity analysis showed that no one study was overly influential in calculation of the ES (range 74%-83%).
Analyses also suggested a low threat of publication bias for the proportion of patients weaned at discharge. Duval and Tweedie's trim-and-fill method showed that one study needed to be imputed to the left of the mean ES (ie, a tube weaning rate < 0.71). After we imputed this one study, the ES slightly decreased to 0.68 (95% CI 0.52-0.81). The fail-safe N analysis suggested that 79 nonsignificant studies would be needed to nullify the ES at discharge. Duval and Tweedie's method suggested that 0 studies needed to be imputed, and the fail-safe N showed that 146 nonsignificant studies would be needed to nullify the ES at follow-up.
Quality Assessment
The rigor of the 9 NRS studies was variable. All involved retrospective chart reviews to collect data (Table II) . Data abstraction represented the greatest potential source of bias for NRS. No studies used blinded data abstractors, standardized data abstraction protocols, or presented inter-rater reliability for the abstracted data. The management of missing data also was not reported. The 2 RCTs provided greater protection against bias through blinding of outcome assessors and clear management strategies for missing data (Table VII; available at www.jpeds.com). 24, 25 Together, conclusions from the current review should be viewed as conditional based on methodological limitations of available studies.
Discussion
Our findings corroborate conclusions from previous single-subject 1 and qualitative reviews 3 indicating positive outcomes associated with day treatment and inpatient programs. All identified studies reported improvement in consumption following intervention. On average, dependence on enteral feeds was eliminated in 71% of children at discharge. When documented, these benefits appear to persist, with 80% of patients tube-free at follow-up. Treatment also 
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promoted increased oral intake, improved mealtime behaviors, and reduced parenting stress if reported. Evidence was largely derived from NRS; however, 2 recent RCTs lend further credence to positive outcomes of these programs. Together, the available evidence suggests intensive multidisciplinary treatment likely holds benefits for children with severe feeding difficulties, particularly in cases involving complex medical histories that cannot be effectively managed in an outpatient setting.
Our study also provides guidance for standards of care (Table VIII) . For example, all programs included psychology, nutrition, and medicine; most involved a speech-language pathologist or occupational therapists. The involvement of these specialty areas provides important oversight and safeguards when designing intervention with consideration to behavioral, dietary, medical, and oral-motor concerns (respectively) that often contributed to the development and maintenance of chronic food refusal. Closer examination, however, of the relative contributions of discipline-specific approaches (eg, oral-motor exercises, nutrition education) is warranted. Consistent with previous reviews, 1, 3, 6 behavioral intervention remains the most frequently documented and wellsupported treatment occurring at multidisciplinary programs. Behavioral packages often combined a formalized meal structure with consequence-based procedures (eg, escape extinction; reinforcement) and antecedent manipulations (eg, reduced bite volume, modified food texture) to promote consumption. Most programs also involved caregiver training procedures to foster generalization to home and community settings.
Our findings also raise important questions regarding current practices and potential differences in approach to care. The relative contribution of aggressive tube weaning as a standalone or adjunctive therapy to behavioral intervention is uncertain. Although 3 studies reported improved oral intake in the absence of behavioral intervention, systematic evaluation of potential costs (eg, weight loss) and benefits (eg, time to effect) is needed. Current practices involved notable differences in the sequence, timing, and volume of tube feed reduction. Greater specificity regarding the target(s) of intervention and discharge criteria is recommended. For example, tube-weaning programs appear largely focused on complete weaning from enteral feeds before discharge. Although this is an end point for treatment, restructuring meals so children accept and swallow bites with few concomitant problems behaviors (eg, tantrums, gagging) also is critical. Ideally, a comprehensive approach to advancing oral intake balances both of these important end goals. 
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The evidence base also would benefit from increased uniformity in the reporting of outcomes, ideally involving a multimethod assessment battery capturing changes in mealtime behaviors, oral intake, and anthropometric variables, as well as caregiver satisfaction. More consistent reporting of follow-up data also is needed to assess the durability of treatment over time. Improved measurement also should entail better characterization of patients at baseline, including clarity regarding medical and/or behavioral barriers to achieving oral intake. It is unclear, for example, why samples differed in the level of oral intake at admission-with estimates ranging from 0% to 30%. Without additional data regarding actual mealtime performance, it is difficult to determine whether admission to programs was driven by medical complexity (eg, risk of aspiration), recent medical clearance to introduce food (eg, passing a swallow study), and/or significant behavioral barriers (eg, active and persistent refusal behaviors). Given the need for better patient characterization, more uniformity in outcome measurement and unanswered questions on the necessary components of treatment, these 11 studies prohibit definitive conclusions regarding optimal models of care.
Encouragingly, there appears to be some movement in the field to address previous limitations highlighted by the extant literature. 1, 3 The RCTs by Sharp et al 25 and Hartdorff et al 24 reflect movement towards standardizing treatments at day hospital programs and inpatient settings (respectively). The development of standardized treatment approaches and manuals represents a necessary prerequisite to replicating and evaluating treatment across settings. 25 With converging evidence highlighting the benefits of intensive multidisciplinary intervention for children with chronic and severe food refusal, more systematic evaluation of different treatment approaches and adjuncts to behavioral intervention and/or tube weaning is warranted. In addition to a continued call for growth of RCTs in this field, NRS will continue to represent a valuable tool for documenting treatment outcomes and providing important insights into current models of care. Researchers are encouraged to enhance the methodological rigor of both NRS and RCTs, taking advantage of existing guidelines when planning and conducting studies focusing on this treatment environment. 
